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Introduction
The adaptation of the bacterial CRISPR/Cas9 system as a molecular targeting tool caused the most recent revolution in molecular biology. Never before has it been so easy to manipulate chromatin at defined genomic locations. Common applications of CRISPR include targeted gene mutations 1 , genome engineering 2 , epigenome editing 3 , transcriptional activation and gene silencing 4 . One particular advantage of the CRISPR system is that its applications are not limited to well-studied candidate sites, as gRNA libraries make less biased screens possible. These facilitate the discovery of functional loci in the genome without any prior experimental knowledge. However, gRNA library construction is currently mostly based on oligo-nucleotide synthesis, and there are limited options to purchase gRNA libraries that are not of human or mouse origin or target regions outside open reading frames. Thus, although CRISPR screens have already proven incredibly potent 5, 6, 7, 8 , their full potential has not yet been exploited.
To overcome the limitation of classical gRNA generation methods two strategies have recently been developed. Both are based on controlled enzymatic digestion of target DNA rather than relying on custom oligonucleotide synthesis. While CORALINA 9 employs micrococcal nuclease, the only currently available alternative method, CRISPR-EATING 10 , makes use of restriction enzymes (HpaII, ScrFI, BfaI and MmeI). Importantly, both techniques can be applied to any input DNA, which serves as the source of gRNA protospacer sequences. While the CRISPR-EATING method employs a strategy to decrease the number of cloned gRNAs whose targeting sites are not followed by the required S.pyogenes PAM (protospacer adjacent motive), it generates only a small fraction of all possible functional gRNAs for a given region. CORALINA, on the other hand, is able to generate all potential gRNAs for the source sequence, but also incorporates a higher fraction of non-functional guides. gRNA library generation through controlled nuclease activity enables the production of comprehensive gRNA libraries for any species, any Cas9-protein or -effector system in a simple and cost-effective manner. Moreover, CORALINA is adaptable to customization, as appropriate input and vector choices define the library type, size and content. Here, a detailed protocol is presented that can be used for the generation of comprehensive gRNA libraries from diverse sources of DNA (Figure 1) , including bacterial artificial chromosomes (BACs) or genomic DNA
Linker Generation
NOTE: Linkers need to be amplified in parallel with section 3 to be able to proceed immediately with linker ligation. Primer sequences used below must be appropriate for the chosen gRNA expression vector. Those presented here have been designed for the vector pgRNA-pLKO.1. 5. Incubate digests at 37 °C for 3 h. 6. Add DNA gel loading dye and run the restriction enzyme digests on a 1% agarose gel. Excise the bands at 637 bp (5' linker digest) and 295 bp (3' linker digest). 7. Purify the DNA from the excised gel pieces using a gel extraction kit. 
Linker Ligation and Amplification of Inserts

Size Selection
NOTE: This step separates MNase-fragments with the correctly attached 5' and 3' linker from fragments with two 5' or two 3' linkers based on size.
Representative Results
Using the protocol at hand, CORALINA gRNA libraries have been generated from human and mouse genomic DNA 9 and BAC DNA (Figure 1 ).
To produce fragments of input DNA suitable for cloning into gRNA expression vectors, optimal conditions for controlled nuclease digestion have to be determined. A typical result for the optimization of micrococcal nuclease digestion is depicted in Figure 2A . Insufficient amount of nuclease (0.1, 2, 3, 4, 4.5 or 5 units) produces no noticeable products in the required size range (10-100 bp) and 5.5-7.5 units still produced fragments that are on average too long. Larger amounts of enzyme (50 units) lead to excessive degradation of input DNA after 10 min. Consequently, an intermediate amount was chosen (10 units). The digest was scaled up to produce enough digested fragments for subsequent purification and cloning ( Figure 2B ). While it is recommended to blindly select DNA fragments by size and only rely on the DNA ladder for orientation to minimize exposure of DNA fragments to UV light, gels can be stained afterwards for quality control of digestion and cutting. Figure 2B shows a representative example of a PAGE gel from which DNA fragments between 20 and 30 bp have been excised. Gel purified MNase fragments were loaded onto a 20% PAGE gel to check successful size selection and purification of MNase-digested fragments ( Figure 2C) . The protocol at hand is compatible with the use of customized linker sequences, allowing to clone the MNase-digested fragments into gRNA expression vectors of choice. Here, gRNA-PLKO 9 was used as backbone. The linkers are amplified from the gRNA expression vector using standard PCR. Figure 2D depicts a representative example of amplified linker sequences devoid of additional, incorrect or no template amplicons. Next, linker amplicons are digested with restriction enzymes to ensure linkers are ligated onto the MNase-digested fragments in the correct orientation. Figure 2D shows agarose gels of 5' and 3' linkers before and after digestion with HindIII and SacII respectively, indicating complete digestion of the linkers to the predicted 637 and 295 bp. The right-hand portion of the gel image documents the excision of the digested linker fragments. Following gel extraction of digested linkers, the next step in the protocol is the ligation of linkers to the end-repaired MNase-digested fragments. Because linker sequences are generated by PCR using unphosphorylated primers, self-ligation of linkers should not occur. Only the end-repaired MNase-digested DNA fragments provide the phosphate groups necessary for ligation. Following nick translation, the ligation product is amplified by PCR. In order to avoid excessive PCR amplification bias that could skew the representation of gRNA sequences in the library, amplification is limited to less than 20 cycles in total. Following PCR, the amplification products are difficult to visualize on agarose gels. Separate control PCRs with 32 cycles are therefore performed to detect the products (but are not used for library preparation). Results from this control PCR are shown in Figure 2E . This allows to optimize the ligation reactions and to ensure reactions are devoid of PCR artefacts, which sometimes occur in "no fragments controls" (NFC). representation of the gRNA library. One common bottleneck of library generation in general is the efficient transfer of plasmids into bacteria for amplification. Thus, large quantities of bacteria with excellent competency and a large number of individual electroporation events are necessary to achieve a high number of gRNA clones.
New strategies for gRNA library production will be necessary to harvest the full potential of CRISPR-based screening approaches over the next decades. There is a significant demand for cost-effective, simple and customizable methods to generate large-scale libraries, a pre-requisite to make screening amenable to a larger number of model systems and different CRISPR-based engineering approaches. CORALINA is providing a first step toward this. The potential uses are manifold, especially to produce comprehensive libraries of genomes, cDNA derived libraries of less common model systems, highly focused libraries and experimental set-ups in which different CRISPR proteins (with differing PAM requirements) are used in combination.
Unlike other methods, CORALINA generates all possible gRNAs from the input DNA. However, one drawback of the method is that gRNAs lacking the required PAM sequence are also included in the library, a feature that it shares with a second enzymatic method for gRNA library generation, CRISPR-EATING ( Table 1 ). The choice of the ideal method for gRNA library generation depends on the specifications of the planned screening experiment, especially the nature (genic, regulatory, intergenic) and size of the target region (single locus, multiple regions, genomewide). We see a special upside in using CORALINA when a large number of non-coding or regulatory regions are to be analyzed, if there is incomplete or unreliable sequence information (exotic model systems, mixtures of species (e.g. microbiomes) or experimentally obtained input), if different CRISPR endonucleases are combined or if saturating analysis is performed on a short and defined locus (e.g. represented by BACs).
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